Campylobacter species are the major agent of bacterial gastroenteritis. C. jejuni and C. coli together are responsible for more than 95% of all cases of Campylobacter induced diarrheal d1sease 1n developped countries R1sk analysis shows consumption of foods of animal origin to be a maJor source of human 1nfect1on Pigs are known to be frequently infected with Campylobacter and to exh1bit h1gh counts of th1s pathogen in their faeces.
Introduction
Thermophilic Campylobacter are the major cause of bactenal gastroententis m humans 1n industrialized countries (Megraud et a/., 2004 }. The h1gh 1nc1dence of clin1cal d1sease assoc1ated w1th th1s organ1sm and 1ts potentially serious complications confirm 1ts Importance as a s1gmficant public health hazard (Tauxe. 2002} The spec1es 1nvolved 1s mamly C JBJUnl (80%}, followed by C.
coli (1 0 to 15%) and C fetus (5 to 1 0%} Campylobacter lives 1n the 1ntestmal tract of a w1de range of birds and mammals, mcluding domestiC an1mals used for food production without causing climcal signs The dommance of C JBjuni 1s found m most healthy earner animals, especially broiler Chickens (Nielsen et a/ • 1997}. In contrast, p1gs are known to be frequently infected with C co/1 and to excrete high counts of th1s pathogen 1n the1r faeces (Weljtens eta/, 1999} As food safety has become an 1ncreasmg concern for consumers, there is a growing need for fast and sens1tive methods for specific detection and identification of zoonollc microorgamsms Conventional methods for the detect1on and confirmation of Campylobacter m food or 1n stools reqwes 4-5 days and involve select1ve enrichment followed by isolation from select1ve agar and confirmation by biochemical and serological tests (On, 1996} While select1ve med1a are very effic1ent for the milia! isolation of Campylobacter, biochemical methods may give ambiguous results Therefore, molecular genotype-based methods represent an alternative for the identification of Campylobacter Over the last decade, the Polymerase Chain Reaction (PCR} has become a basic tool for the 1dent1fication of bactenal pathogens such as Campylobacter (On, 1996) The recent development of real-t1me. closed-tube PCR methods remove the need to maripulate PCR products after amplification, thereby reduc1ng the nsk of false positive results caused by cross-contamination between amplicons and test samples Real-time PCR assays, beyond the1r rapidity, sensitivity and good reproducibility, allow a precise quantification of the target DNA copy number f pork 2007 -Voron (llnly) S s1on 5 Labor t ry m th d
The atm of the present study is to describe real time PCR (rt-PCR) assays able to detect and quantify Campylobacter sp., C. }ejuni and C. coli directly from faecal samples and to compare results with conventional mtcroaerobic bacterial cultivation.
Material and Methods
Bacterial strains. faecal samples and bacterial culture The PCR assays were developed using differents strains of C. jejuni (NCTC 11168, wild strains isolated from chicken) and C. coli (ATCC 33559, CIP 7081 , wild strains isolated from pigs faeces). The spectfictty was assessed ustng C. lari, C. upsaliensis, C. fetus, Salmonella typhimurium, Listeria monocytogenes, Listeria innocua, Escherichia coli and Enterococcus faeca/is.
Faecal samples were collected individually from specific-pathogen-free (SPF) piglets either inoculated by oral way with 5 10 7 CFU of C coli (two different strains) and C. jejuni, alone or mixed, or non tnoculated ( « control » ptgs ). Two hundred and fifty milligrams of fresh faecal matenal were used for rt-PCR and ten grams were cultivated according to the protocol described by Dents et a/.
(1999). Furthermore, for numeration, 1 00~-JL of 1 0-fold serial dilution (1 o·• to 1 0' 5 ) were dtrectly plated on Karmali plates and mcubated for 72h.
Isolation of DNA from faecal samples and bacterial cultures Double stranded DNA of all bacteria from the bacterial culture and from faecal samples (250mg) was extracted using the Nucleospin® Tissue mini-kit (Macherey Nagel, Hoerdt, France) according to the manufacturer's instructions. The DNA preparations were stored at -20°C prior to use PCR primers and probes To detect Campylobacter sp., we have used the primer-probe set described by Lund eta/. (2004) , whtch ts based on the 16S rRNA sequence. The other primers and probes are based on the Singlecopy hipO and glyA genes for C JeJum and C coli respectively. Primers and probes were selected with Primer express version 2.0 (Applied Biosystems, Foster city, CA, USA) and their homologies wtth unrelated sequences were checked with the BLAST program (NCBI).
The Taqman probes, labeled wtth a nuorescent reporter at the 5' end and conJugated to a mmor groove bmder (MGB) at the 3'end, and the primers were synthetized by Applied Biosystems. The pnmers selected for detection of C. jejuni were hip O-F 5' -CTTGCGGTCATGATGGACA T AC-3' and h1pO-R 5'-TTAGCACCACCCAAACCCTCTTCA-3', and the TaqMan probe was hipO-P 5'-VIC-ATTGCTTGCTGCAAAGT-MGB-3' For detection of C. coli, the primers selected were g/yA-F 5'-AAACCAAAGCTTATCGTGTGC-3', g/yA-R 5'-AGTCCAGCAATGTGTGCAATG-3' and the TaqMan probe was g/yA-P 5'-FAM-CAACTTCATCCGCAAT-MGB-3' For detection of Campylobacter sp., we used the pnmer-probe set described by Lund eta/. (2004) wtth a VIC stgnal for the probe Evaluatton of analvttcal performance of the real-time PCR assays The analytical spectfictty of each rt-PCR assay was assessed wtth punfied genomic DNA preparations of different bacterial strains (see above) To evaluate the analytical sensttivity of the rt-PCR two standard curves were prepared one wlth punfied genomic DNA from C. jejum NCTC 11168 and C co/1 ATCC 33559 and the other with Campy/obacter-negattve faecal samples sptked wtth senal 1 O-f old dilutions from a broth of the two reference stratns Quantitative real-time PCR amplification The rt-PCR was performed m a ABI PRISM® 7300 Sequence Detection System (Applied Btosystems) and the data were analyzed wtth the appropriate sequence detector software The 251JL PCR mixture for one reaction contamed 12 51JL of 1X Taqman Universal PCR Mastermix (containing AmpliTaq Gold n.o DNA polymerase dNTPs Passive reference 1 (ROX) and opltmtsed buffer components tncluding 5mM MgCI2) 400nM of each primers, 1 OOnM probe and 51JL of template DNA The thermal cycle protocol used was the followmg acltvation of the Taq DNA polymerase at 9s•c for 10 min and 40 cycles of 95oc for 15s and 60°C for 1 mm All reacttons were earned out alongstde a non template control containing sterile water and a positive control containing DNA from reference strams C jeJum and C coli ory mothods S fcpork 2007 -orona (Italy 377 Stat1st1cal analysis A total of 68 samples were evaluated m parallel using the rt-PCR assays and the m1crob1 ological method Sens1tiv1ty and specificity of rt-PCR were determined comparatively to the m1croaerob1c cultivation and the agreement between the methods was measured usmg the kappa-statistic (FieiSS, 1981) .
Results
Specifity and sensitivity of PCR primers and TaqMan probes The specificity of the three pnmer-probes sets was optimized and tested agamst differents stra1ns of other Campylobacter sp. as well as several bacteria, genetically related or not, all of wh1ch were found to be negative. We also observed that quantification of DNA from each Campy/obacter target was not affected when DNA from a variety of other species was present m the PCR m1xture.
The standard curves spanned SIX to eight orders of magnitude and showed linearity over the entire quanlltation range, prov1ding an accurate measurement over a large vanety of startmg target amounts (R 2 values were all equal or above to 0.99). The detect1on limits of the rt-PCRs were of 1 genome copies/reaction PCR and 100 CFU/g of faeces and was Similar to the bactenolog1cal method Analysis of the faecal samples of p1gs expenmentally Infected with Campy/obacter Two days after the Inoculation, p1gs infected with C. colt alone or C coli and C. Je)Unt excreted from 10 4 to 10 6 CFU of Campylobacter per gramme of faeces. The excretion of p1gs maculated with C.
JeJunt alone was lower (up to 10 3 CFU/g of faeces).
Validation of the real time PCR assays for analysis of faecal samples The numbers of posit1ve and negat1ve samples determmed by both detect1on methods for each assay are summarized in table 1 Moreover, in our trial, there is a good correlation between the techniques at the quantitative level and the discrepancies between the concentrations found by both methods could be attributed partly to the non v1able cells resulting 1n h1gher concentrations w1th the real-time quantitative PCR. The observed vanability m1ght be due to dilution factors used for quant1tat1ve culture, to an insufficient homogenization of the samples, factors affecting the growth of different isolates, or possibly, the presence of antagonistic bacterial species.
Consequently, the use of PCR-based detection methods is very attractive because the Campy/obacler specific rt-PCR assays allow (i) identification and discrimmat1on of C coli and C.
JeJUnl Without need of Isolation, ennchment and/or b1ochem1cal tests, often difficult to 1nterpret, (ii) a direct quantification of each target even 1f several spec1es are present 1n the sample.
In conclus1on, the rt-PCR developed 1n th1s study provide new tools to study the epidemiology of Campylobacter Indeed, 1t could be applied to further ep1dem1olog1cal surveys to investigate the carnage and the excretion of Campylobacter by conventionnal pigs
